The use of cloth to filter drinking water for guinea worm prevention is a long-standing control strategy and part of a mixed approach that includes the provision of wells, chemical treatment of ponds and protection of water supplies. As the goal of eradication nears, filters are a useful component of the quick response needed to implement case containment at village level. Various designs of filters have been used. Individual handsewn filters (HSFs) using monofilament nylon cloth have played a central role in village-based control to date. Problems such as the need to continually reinforce correct habitual filtering behaviour have led to the design and testing of communal filtration units (CFUs) made from metal oil drums with filter cloth inserted in the top and spigots at the bottom. Approximately one year after the introduction of CFUs in the Southwestern Zone of Nigeria, village surveys were conducted to determine opinions about the two types of filters and reported use. Percentage use was calculated by dividing the number of times water was filtered in the week preceding the survey by the number of times water was collected in that week. Those respondents with access to CFUs filtered an average of 91.9% of the time compared to 75.7% of those with HSFs. Using the village as level of analysis since it was the main level of intervention, the average percent of times villagers in CFU villages filtered was 91.1% compared to 77.8% in HSF villages. Although CFUs were more expensive in the short run, their greater acceptance by villagers is a factor to recommend their wider implementation to speed up elimination of guinea worm from Nigeria.
Introduction
The filtration of domestic drinking water obtained from ponds and streams has long been one of the standard technical interventions within a multistrategy approach for the control of dracunculiasis (or guinea worm) (Akpovi et al. 1981; Brieger et al. 1991; . In the early 1980s, research was sponsored by the World Health Organization to test a more systematic approach to home water filtration using monofilament nylon cloth (McCullough 1985) . This cloth was found capable of removing the intermediate copepoidal hosts of Dracunculiasis medinensis, known as cyclops, from pond water (Duke 1984; Steib 1984) . Subsequently, family cloth filters made of monofilament nylon were designed and field-tested for social acceptability and durability (Brieger et al. 1987 . Cloth filters are a major tool used by village health workers in the case containment phase of guinea worm eradication Kappus et al. 1991) .
Over the years, different styles of monofilament nylon filters have been designed and tried, including filters sewn with rubber or elastic in the hem to fit tightly around the mouth of drinking water pots; filters with drawstrings or flaps that can be tied around a pot; pieces of filter cloth inserted into metal lids that fit over drinking water pots, and filter cloth inserted into funnels (Brieger et al. 1987; Akinsola & Kale 1997) . Others have used less expensive polyester cloth (Olsen et al. 1997) .
The major issue with the filter strategy has been sustained, correct use of filters over a minimum two-year period by all households within endemic villages. Early studies where community interest was tested by selling the sewn filters, found
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that it was only possible to achieve 40-60% coverage of households (Brieger et al. 1987; Tayeh et al. 1996) . Fortunately, based on such research, monofilament filter cloth was donated to the Carter Centre by Dupont de Nemours Company and Precision Fabrics Group for use in the Guinea Worm Eradication Programmes (GWEPs) of endemic countries in Africa.
Even with free filters, some problems persist in guaranteeing their sustained use. The sewn variety require proper use steps in order to prevent cyclops from inadvertently entering the drinking water pot, and frequent education by village health workers is therefore needed to reinforce and make this new behaviour habitual (Brieger et al. 1990-91) . Some villagers complained about the inconvenience of tying cloth filters onto their pots and find funnel filters more userfriendly (Akinsola & Kale 1997) . In some places, indigenous notions that guinea worm is already inside the human body conflict with the idea that filtration can prevent the disease (Ramakrishna et al. 1985-86; Bierlich 1995) . Filter cloth of either nylon or polyester rarely lasted a complete transmission season before developing tiny holes and tears (Brieger et al. 1990-91; Olsen et al. 1997) . Unfortunately, villagers did not perceive the tiny pin-prick size damage as a threat (Brieger et al. 1990-91) . Also, after listening to health worker lectures about the importance of safe and reliable water supplies for the prevention of guinea worm, some villagers reject cloth filters as a second-rate intervention compared to wells ).
Alternatives to individual filters have been explored. Sridhar et al. (1985) tested a simple sand filtration unit placed near ponds in a rural Nigerian community. The materials were locally available, water flowed relatively freely, and the unit not only removed cyclops but could potentially filter out other pathogenic organisms, such as protozoa. Villagers liked the idea of being able to filter water near the pond, so that safe water was brought into the house, but they were skeptical about who would be responsible for long-term maintenance. This would involve the replacement of the top sand layer after prolonged use in order to maintain a relatively rapid rate of filtration.
In response to the need for a more acceptable and convenient filtration system, staff of the South-west Zonal Office of the Nigerian Guineaworm Eradication Programme (NIGEP) developed and tested a communal filtration unit (CFU) that used a metal oil drum as housing for a monofilament nylon filter. Units were made in two sizes, full-drum and half-drum, and each had two or more outlet spigots at the bottom. Units were placed on stands at a height to allow water buckets to be placed under the spigot. A perforated galvanized metal plate was placed in the top of the unit to prevent larger debris from entering and damaging the first layer of filter cloth. A second layer of filter cloth is supported by a metal ring 2 cm below the first layer. The first layer required a piece of filter cloth approximately 43 cm in diameter, while the larger second layer used a 64 cm diameter piece of cloth ( Figure 1 ). The filter is washed when necessary by the village health worker who keeps the key to the unit. The unit is kept locked to avoid direct contact with and potential damage to the filter cloth. The cloth was replaced by a NIGEP staff member or a trained village health worker at, on average, one-month intervals. The frequency of replacement depends on the extent of use and the turbidity of the pond water.
In theory the CFU has several advantages, including reduced long-term expenditure on filter cloth, relatively speedy filtration by more than one person, prevention of bringing contaminated water into the home, and ease of maintenance with only one person involved in inspecting and changing the filter cloth. These advantages were expected to be especially important in addressing the high levels of prevalence in some large towns, especially in south-western Nigeria, where many communities are on the order of 5000-15 000 people. The first CFUs were installed in villages in late 1996. By early 1998, questions were raised about whether these units were being used by communities and whether they preferred the CFU to the individual family filters they had been given previously.
CFUs were estimated to cost US$ 50 for the full-drum size and US$ 40 for a half-drum. Although the filter cloth was donated, its retail value plus shipping was estimated at approximately US$ 4 per metre. Replacement cloth for the entire transmission season (approximately 6 months) was estimated to cost a minimum or US$ 2.5 each time or a total of US$ 15 for the season. Hand-sewn filters (HSFs) were estimated to be worth US$ 1 for the cloth with an additional cost of US$ 0.05 for sewing. An average endemic farm hamlet in the study area had 28 huts, thus the cost of supplying HSFs to a village for one transmission season was approximately US$ 30.
Methods
The study took place in early 1998, in the South-west Zone of Nigeria, which comprises the following States: Delta, Edo, Ekiti, Lagos, Ogun, Ondo, Osun and Oyo. Oyo State contained two of the 20 most highly endemic Local Government Areas (LGAs) in the nation, Orire and Ibarapa North. As of January 1998, there were 1136 endemic villages in Nigeria being monitored for guinea worm and receiving interventions such as village based surveillance, distribution of filters and application of the chemical temephos (Abate7) to control cyclops. In the South-west, there were 308 endemic villages, 54 of which had received CFUs. The bulk (42) were in Oyo State. It was planned that all CFU villages would be visited in the following LGAs: Ibarapa North, Ibarapa East and Orire in Oyo State, Akure in Ondo State, and Emure in Ekiti State. These accounted for a total of 43 CFU villages. The villages with CFUs served as the population of 'cases'. Effort was made to match these with villages of similar size located in the same LGA that had received only hand-sewn filters (HSF), i.e. the 'controls'.
We tried to interview a household representative who was responsible for the collection of water for the family from every dwelling in the chosen villages. Interviewers consisted of NIGEP programme staff based in the LGAs studied. Respondents were asked to provide information on types of filters ever possessed or used by the family, water collection and filtration during the previous week, and opinions about the advantages and disadvantages of CFUs and HSFs. Analysis of filter use was performed with both individual and village as units of analysis.
Two logistical constraints limited the number of villages visited, a national petrol shortage and lack of nearby matching villages where only sewn filters had been distributed. After three months of interviewing 33 CFU villages and 22 sewn-filter villages had been visited. Three CFU villages were excluded from analysis because the numbers of households where people were available for interview was Ͻ 10.
Results
A total of 994 persons were interviewed in the 52 villages surveyed. Most (55.9%) were in CFU villages, where an average of 18.5 people were interviewed per village. In the 22 HSF villages an average of 19.9 people per village were interviewed.
Opinions about what was liked and disliked about both kinds of filters are depicted in Tables 1 and 2 . More people commented on HSFs (911) than on CFUs (565), since nearly all CFU users had used HSFs prior to the introduction of the CFU. The most common feature people liked about both types of filter was that they removed dirt (68% HSF, 40% CFU). More CFU users talked about convenience and ease of use (23.4%) than HSF users (9.1%). For obvious reasons, no one thought that CFUs were portable, while 14.3% of people assigned this attribute to HSFs. More thought that HSFs remove germs/larvae (10.3%) than CFUs (2.4%). Unique aspects noted about the CFUs included the cleaning action of the double filters (24.8%), ability to filter water at the source (8.0%), serving several people simultaneously (5.3%) and attractiveness (3.3%).
The most common negative feature of the HSF was its tendency to collapse inside the pot or bucket (40.5%). This may result from poor design of tie or drawstrings combined with use of containers that have little or no lip where the tied filter can gain purchase. The main complaint about the CFU was that it is too slow (20.2%). Other complaints about HSFs included getting dirty too easily (4.8%), being too small (4.8%), and spoiling/tearing too easily (2.2%). Some CFU villagers complained that there were insufficient units to serve the village population (8.0%), that they rusted and leaked after prolonged use (4.9%), and due to their slow operation led to queues and fights (6.4%). However, many HSF (44.5%) and CFU (53.3%) users had 'no complaint'.
A total of 956 respondents reported that they had been the ones to collect water in the previous week. They collected water on average 5.5 times during that week and filtered it on average 4.5 times. The reported proportion of times the water was filtered after collection ranged from 0 to 100% with a mean of 84.6% and a median of 100%, indicating a skewed distribution. Table 3 shows that those in CFU villages filtered significantly more often (a mean of 91.9% of the time) than those in HSF villages (75.7%).
Since the unit of intervention for either type of filter was promotion at the village level by the village health worker and NIGEP staff, further analysis compared the average percent of times water was filtered by all members of each village. Table 3 shows that those with CFUs filtered an average of 91.2% of the time compared to 77.8% for those with HSFs. Although t-test results were significant, the recommended nonparametric analysis (due to skewing and unequal variances) was of only borderline significance.
Finally, a look at the incidence of guinea worm was possible for a few of the CFU villages. NIGEP has had in place a system of village-based surveillance using trained village health workers who complete a monthly register in the village of persons with newly emergent worms. These are recorded in annual reports at the Zonal Office. It is standard procedure to monitor villages for at least two years to detect any effect * cannot see if filter cloth damages, difficult to get people to maintain it. **HSF requires assistance to use, not replaced often enough; CFU too high for children, few people in village control it, need assistance to put container back on head. Table 4 . Eight of the 10 villages show a clear decline, although one of these was experiencing a decline in annual incidence prior to the time that the CFU could have had an effect. It should be noted that CFUs were introduced after other interventions, such as use of the chemical Abate and HSFs, were in place, and that the presence of a CFU does not exclude the concurrent use of Abate in village ponds. The purpose of the CFU was either to consolidate gains or to address problems of inadequate coverage with traditional HSFs. Even with these limitations, it appears that CFUs potentially have an important contribution to make with an overall 50% reduction between 1997 and 1998 in the 10 villages combined (Table 4) .
Discussion
The results suggest that CFUs are more likely to be used than HSFs, and the greater the use, the higher the likelihood that guinea worm cases will be contained and prevented. The lack of statistical power when analysis was done at the village level arises from the small number of villages sampled, but the trend points to the possibility that CFUs were used more often and appreciated more highly. This may arise simply because the CFUs were new, but the process of filtering itself was already well known to the villagers. Therefore, it is likely that those with CFUs did find the unit more convenient to use, since the extra step of tying or fitting a HSF onto a pot or bucket has been eliminated.
The price differential is another factor to consider by programme planners. Depending on size, the CFU cost, together with filter cloth, between $55 and $65 for the first year compared to $30 for HSFs for an average village. In the second year, CFUs require only an annual expenditure of $15 for cloth, while all HSFs in a village would need to be replaced at Table 3 Comparison of frequency of filtering behaviour between communal filtration unit and hand-sewn filters respondents and villagers least once at the beginning of a new transmission season and occasionally during the season. The CFUs therefore appear to be a better long-term investment. The results imply the need for modification of filter design and increased health education. It is important to note that some modifications have already been made to the CFUs based on the findings. For example, the spigot that was used in the original design has been replaced by valves that speed up the outflow of filtered water. In response to complaints about rust, units are now painted, although this adds to the cost. Alternatively, if CFUs are to be mass-produced, PVC could be used. Based on the experience in the South-west Zone, NIGEP staff in other zones have started production and installation of CFUs.
Both NIGEP staff and community members recognize that filters have limitations in meeting community needs for safe and reliable water, especially when ponds go dry during part of the year. At the same time, most recognize that filters can play a useful and timely role as part of a multistrategy approach to eliminating guinea worm from rural communities.
